The energy spectra of the b andb quarks in e + e − → tt with t → bW (t →bW ) are calculated assuming CP violation in the production process. Analytic expressions for the corresponding CP violating asymmetries that determine the imaginary parts of the electric and weak dipole moment form factors of the top are derived. It is shown that polarization of the initial lepton beams is essential to disentangle ℑm d γ (s) and ℑm d Z (s) . Numerical results are given for different beam polarizations in the Minimal Supersymmetric Standard Model with complex phases.
There has been considerable interest in testing physics beyond the Standard Model (SM) through possible observation of CP violation in processes with top quarks [1, 2, 3] . The reason is that the SM effects are strongly suppressed, while there are many models in which CP violation arises naturally at one-loop level -the most widely discussed are the supersymmetric models [4] and the models with more than one Higgs doublet [5] .
In this article we shall discuss the possibility of measuring CP non conservation in the annihilation process e + e − → tt through the energy distribution of b andb quarks from the top quark decays. We consider the inclusive processes:
e + + e − → t +t →b +X (2) where X,X stands fortW + and tW − , irrespectively how the W 's are identified experimentally. We assume that the energies of the b andb quarks are well measured. We also consider the case of longitudinally polarized initial beams.
Various CP violating energy asymmetries of the final leptons from t andt decays have been considered in [2] . We show that measurements of the energies b andb quarks provide another possibility of obtaining information about CP violation in the tt production process. As all tt events contain a b and ab quark, the rate for b andb production is higher than that for the leptons coming from the W bosons.
The electric d γ (s) and weak d Z (s) dipole moment form factors in the γtt and Ztt vertices induce CP non conservation in the tt production process:
where
with e the electromagnetic coupling constant and Θ W the Weinberg angle.
In [3] we have studied various angular asymmetries of the b andb quarks sensitive to CP violation. General expressions for determining the real and imaginary parts of d The energy distribution of the b andb quarks can be derived from the differential cross section for (1) and (2) obtained in [3] , if one chooses a frame where the z-axis points into the direction of the top quarks. Then one obtains:
where λ and λ ′ denote the degree of longitudinal beam polarizations of e − and e + , respectively, and
We have used the conventional dimensionless energy variables
and the notation:
The CP violating contribution is determined by the function H 1 
The SM contribution is determined by the functions [7] :
The quantities In general CP invariance implies
If CP invariance holds, the number of the b quarks, N b (x b = x, λ, λ ′ ) with a definite x will be equal to the number ofb quarks, Nb(xb = x, −λ ′ , −λ) with the same energy. A nonzero value of the ratio:
is a signal for CP violation. From (16) we obtain :
As (17) is a linear function of x, the ratio R(x) has its largest values at the ends of the spectra, at
, and
with
The corresponding integrated energy observables indicating CP violation are the differences between the number of b quarks N b (x b ( > <)x 0 ) and the number ofb quarks Nb(xb( > <)x 0 ):
The energy differences R λλ ′ (x > x 0 ) and R λλ ′ (x < x 0 ) will get their largest values at the mean valuex 0 , at which N b (x 0 ) = Nb(x 0 ):
We have:
Using the whole energy region of the b andb quarks, an appropriate signal for CP violation is a nonzero value of the difference IR λλ ′ :
Using polarized electron beams we can define additional polarization asymmetries. The first
is again biggest at the endpoints x min , x max :
The integrated polarization asymmetries
will get their largest values for x 0 =x 0 :
If one uses the whole energy spectrum, a convenient CP violating observable is the difference IR P of the above quantities:
Notice that by measuring the polarization asymmetries one obtains information on ℑm D 0 1 , whereas by measuring the asymmetries eqs. (16), (19), (20), (23) So far our expressions for the asymmetries are general and model independent.
As an example we present in the following numerical results for the asymmetries in the MSSM with complex parameters. We use the results for the electroweak dipole moment form factors of the top quark as obtained in [6] , where we assumed that µ, A t and A b are complex. In [6] a complete study of the gluino, chargino and neutralino exchanges in the loops of γtt and Ztt was performed. In Fig. 1 and Fig. 2 we show the dependence of IR λλ ′ , eq.(23), and IR P , eq. (29), on the c.m.s. energy √ s. The asymmetry IR λλ ′ (Fig. 1) is shown for different beam polarizations, taking λ = −λ ′ = {−0.8, 0., 0.8}. We take the following values for the mass parameters: M = 230 GeV, |µ| = 250 GeV, mt 1 = 150 GeV, mt 2 = 400 GeV, mb 1 = 270 GeV, and mb 2 = 280 GeV. We assume the GUT relation between the gaugino mass parameters: mg = (α s /α 2 )M ≈ 3M and M ′ = . The asymmetry IR λλ ′ can go up to 4 × 10 −4 . The spikes are due to thresholds of the intermediate particles. As can be seen the dependence on the beam polarization can be strong in certain regions of √ s. In Fig. 2 the threshold enhancements of IR P are more pronounced.
To conclude, we have worked out model independent analytic expressions for CP violating energy asymmetries of b andb quarks in tt production at an e + e − Linear Collider. They give information on the electric and weak dipole moment form factors of the top quark. In order to disentangle ℑm d 
